Influence of transcription techniques on the precision of autoanalyser assays By W. J. TILSTONE and A. FLECK, Department of Biochemistry, Royal Injirmary, Glasgow, C4
Most workers whose interests include methodology are aware that errors may be introduced at any stage involving operator intervention. With the development of the autoanalyser, operator errors are considerably reduced but where transcription is manual errors will always occur. T h e magnitude of the error in any given sample may be small and is probably difficult to measure, but there can be individual samples where the error will be appreciable. It is the intention of this communication to quantify the errors involved in various transcription techniques : the work was 86 SYMPOSIUM PROCEEDINGS I970
done on results from a slightly modified version of the autoanalyser nitrogen method described by Fleck (1967) . Almost all of the results presented deal with precision, that is the reproducibility of the assay. It is very difficult to assess the accuracy of a method, a completely independent, reliable and accurate assay being required to establish the absolute quantity of material present in the samples assayed. This is particularly true with biological materials.
Precision is readily estimated by standard statistical techniques, and is often expressed as standard deviation or coefficient of variation, since it is a measure of the spread of results.
Technicon Chart Reader. This was used exactly as described in the Tcchnicon Manual.
Semi-log plofs. Standard curves were drawn on semi-log paper, o/,T being plotted on the ordinate which was the logarithmic scale, but inverted. T h e straight lines were visually fitted to the points so plotted.
Wang technique. Using a Wang 370 programmable electronic calculator (Wang Europe, St. Rryde Street, East Kilbride) optical density was calculated from %T and the best-fit straight line standard curve computed by the least squares method (Snedecor, 1965) . T h e concentration of nitrogen in the sample was then computed from the equation of the standard curve.
T h e only manual steps in this procedure are reading of YoT and entry of data into the calculator. Selection of the correct programme is machine checkable. A further refinement of this method was using a D-mac Minmac co-ordinate reader (D-mac, Hillington, Glasgow) to nieilsure O,:T, and also to give a check that no peak has been missed or read twice. Although the Minmac has an interface which allows direct transmission of signals to the Wang calculator system for computation, we have, as yet, used it only for measuring O/bT with subsequent manual entry to the calculator.
Comparison betu een the various rnethods was made by Fisher's F-test of variance ratio (Snedecor, 1965 ), since we are testing for differences in variability and since the true mean of each of the groups compared is the same. Table I compares thc Chart Reader with the semi-log plot method. I n this experiment ten colorimetry standards of various nitrogen content were assayed in random order and the nitrogen content found was expressed as a percentage of the stated nitrogen content, i.e. 'per cent recovery of random standards'. Each of the authors made his own comparison. One found a significant difference between the two techniques, the other did not. The maximum 95"/0 probability range occurred with the Chart Reader, and was almost a 70/( spread on each side of the mean.
A similar comparison of the semi-log plot technique to the Wang technique was made. I n this case twenty-six standards were assayed in random order and a joint assessment of results was made ( Table 2 ). The Wang technique proved marginally more precise. One factor which may influence operator error in manual transcription techniques is the physical size of the abscissa. We have investigated this point both for the VOl. 29 Automated analysis of nitrogenous compounds Chart Reader and for the semi-log plot. We used the random standard technique for the Chart Reader, and the results are shown in Table 3 . rl rnarlied difference in precision can be seen, there being a smaller spread with the shorter abscissa. I n the semi-log plot assessment, we also investigated the effect of signal size. We prepared two standard curves and randomly selected O/,T values between 30 and 90 and then asked cach of ten staff mcrnbers to measure the corresponding concentration from the two graphs. T h e results are shown in ' 
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in precision between the two techniques, the smaller scale being more precise except for the 29.6 O/,T signal. Secondly, for one signal (45-5 %T on the small abscissa paper) the corresponding concentration was almost exactly on one of the vertical grid lines and everyone gave the same result. T h e widest 95% probability range in this experiment was +2.57/0 but there were three individual results which were between 5 and 1076 away from the mean, almost certainly due to misreading of the graph scale. I n an attempt to make some allowance for accuracy in this study, wc selectcd at random eighteen work sheets covering a period of almost 2 years and, after preparing individual standard curves for each run, calculated the apparent nitrogen content of the standards. Also the apparent N content of the standards was found using the Wang technique. T h e results are shown in Table 5 . T h e maximum average deviation of the found N content from the stated content was 0.9% for the semi-log plot and 0.8% for the calculated method. However, there were significant differences in precision for the lowest standard and for the two highest standards. T h e Wang was slightly the worse for the 10 pg/ml standard, but markedly the better for the IOO and 120 pg/ml standards. T o date we have only been able to use the Minmac co-ordinate reader on one occasion. This gave an insignificant improvement in precision compared with manual peak reading (Tablc 6). T h e results presented above clearly show the possible effects on precision of manual transcription techniques. Two operators produced quite different results for precision when comparing two methods of transcription (Table I) and we found some gross errors in a simple graph-reading exercise in which the readers were aware that the results were to be analysed for correctness.
On the whole the gain in precision in going from the non-linear, hand-drawn chart technique (where the main error is probably in absolute accuracy) to the semilog computed standard curve is fairly small, but the importance of precision was shown to us in our routine laboratory serum calcium estimations, in which transcription is carried out by the Wang technique. Comparison of recovery of a quality control serum for runs over a period of 3 months in which transcription was by manually drawn graphs with those from 3 months of the Wang technique showed a halving of the coefficient of variation from about 7:/0 to 3'5%.
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